Chronic renal failure is diagnosed more and more often especially in aging populations in developed countries. for many years there has been a liberalization of eligibility rules of patients for renal replacement therapy. Currently, older people, who were previously rejected due to significant advanced morbidities, are included in dialysis programme. for these reasons, the number of patients treated from end-stage renal failure is constantly increasing. At present, in Poland nearly 20 000 people are treated with renal replacement therapy. The majority of patients with end-stage renal failure are treated with haemodialysis that requires a properly functioning dialysis access. Many years of experience have shown that dialysis fistulas are better vascular access than dialysis catheter. Therefore, the tendency to create dialysis fistulas in as many patients as possible is justified.
Renal insufficiency accelerates and exacerbates the development of atherosclerosis, also in upper limbs arteries. In advanced cases wall calcification in form of Monckeberg's arteriosclerosis ( fig. 1 ) may be observed. Pathological vascular wall remodelling in patients with end-stage renal disease may be exacerbated by concomitant diseases -mostly by diabetes and disorders of calcium and phosphorus metabolism triggered by secondary hyperparathyroidism.
A process referred to as fistula maturation begins after the formation of an arteriovenous fistula. It involves widening the vein diameter, remodelling and thickening of its wall due to increased blood flow through the afferent artery and efferent vein. At least 500 ml/min of blood passes through correctly functioning dialysis fistula, of which 220-350 ml/min is taken from dialysis apparatus. Most of theblood flowing into the limb gets, thus, to the dialysis fistula, what in most cases does not lead to the decrease in peripheral blood flow and does not cause hand ischaemia. Symptomatic upper limb ischaemia occurs in 1 to 28% of patients undergoing dialysis (1, 2) . The severity of clinical symptoms of limb ischaemia may vary -from paraesthesia in fingers, through the rest pain, to necrosis (3, 4) (4, 5) . The aim of the study was to evaluate treatment results of upper limb ischaemia triggered by dialysis fistula. Department of General and Vascular Surgery at Central Clinical  Hospital of the Ministry of Interior between  1  st January, 2006 and 30 th June, 2013 due to critical hand and/or forearm ischaemia triggered by dialysis fistula were involved in the retrospective analysis. During this period 14 patients with critical hand ischaemia triggered by dialysis arteriovenous fistula were treated. The average age of patients was 59.4 years (range between 23 and 80 years). Eight men and six women were subjected to treatment. In addition to demographic data, the history of vascular access, ischemic symptoms, concomitant diseases, the treatment, postoperative complications and the outcome were recorded. Tests confirming the blood steal to fistula and imaging the causes of peripheral ischaemia were conducted before qualifying a patient for the surgery. The following tests were performed: saturation measurements on the fingers of both upper limbs, Doppler test assessing blood flow in the fistula and arteries both peripheral and distal to dialysis fistula. After confirmation of limb ischaemia as the cause of the disease, arteriography was performed visualising the upper limb arteries from the aortic arch to the finger arteries and dialysis fistula. Angiography was performed with fistula opened and closed by the external pressure. The type of planned repair surgery was adapted to the clinical condition and the cause of ischemia identified in the imaging studies. The following surgeries were conducted: fistula ligation, fistula inflow reconstruction by changing the type of arteriovenous anastomosis ( fig. 3) , proximalization of anastomosis ( fig. 4) , reconstruction of dialysis fistula aneurysm ( fig. 5 ), DRIL surgery (distal revascularization -internal ligation; Schanzer vascular surgery) ( fig. 6 ) and endovascular treatments.
MATERIAL AND METHODS

Patients treated in the
RESULTS
Symptoms of ischaemia occurred between first day and 20th month after the last surgery creating or reconstructing dialysis vascular access (median -7 days). Median number of surgeries of dialysis fistulas performed in patients with critical limb ischaemia amounted to four (range from 1 to 20). All patients who suffered critical ischaemia had dialysis fistula formed on the arm (tab. 1). Diabetes was observed in eight cases (57.2%), ischaemic heart disease in seven (50%), chronic leg ischaemia in five (35.5%) and hyperparathyroidism in five (35.5%) as well. Symptoms observed in patients included rest pains in all 14 cases, finger and hand ulcer in 10 cases (71.4%), including four who suffered from necrosis exceeding first phalanxof of a finger (tab. 1). Ultrasonography and angiography revealed that all patients suffered from blood steal to fistula and decreased inflow to the peripheral tissues. Two thirds of the patients presented several concomitant causes of ischaemia. The type of surgery was adopted to a given patient and the clinical situation. The main goal of treatment was to improve the blood supply to the limb. We also tried to retain functioning dialysis fistula, however it was not achieved in all patients. Table 1 presents surgery methods used by us. The treatment was successful in all patients -relief of rest pain and ulcer healing was observed. Amputations and removal of necrotic tissue was performed in patients with dry necrosis (four patients with amputation below the first phalanx of a finger). In 11 cases fistulas were used as a dialysis vascular access, in the remaining three new access was created or dialyses were stopped without harm for clinical condition. We recorded two postoperative complications: wound infection in 1 patient (7.1%) and wound haematoma in 1 patient (7.1%). Both complications did not require surgical treatment.
DISCUSSION
Critical ischaemia manifested by rest pain and tissue necrosis is a dangerous complication after formation of arteriovenous dialysis fistulas. Adequate treatment of those patients should be administered as soon as possible. Proper care includes performing accurate diagnostic imaging -Doppler sonography and angiography. During the ultrasound the blood flow rate in the arteries of the limbs and in the fistula should be assessed. Angiography should visualise arteries from the aortic arch to fingers arteries and vessels of dialysis fistula. Imaging of limb arteries with closed dialysis fistula is essential as well.
The majority of our patients had some vascular pathologies leading to the development of limb ischaemia symptoms. In all patients blood steal to the fistula was observed causing hypoperfusion of peripheral tissues. This is consistent with other studies which revealed blood steal in most cases, but in the majority it did not lead to the development of symptoms of limb ischaemia (1, 4, 5) . However, concomitant stenosis/occlusion in arteries peripheral to arterial anastomosis of the fistula was observed in a significant percentage of patients with steal syndrome. The causes of that included concomitant diabetes, hyperparathyroidism and several previous vascular surgeries creating dialysis fistula.
Optimal treatment of patients with upper limb ischaemia caused by dialysis fistula should lead to a recovery from critical ischaemia and, if possible, retaining of patients fistula. Moreover, the treatment should be adjusted to a given case and clinical conditions -the progress of ischaemia, the incidence of the ischaemia after fistula creation, the type of vascular access and its history, the anticipated duration, potential alternative dialysis access and concomitant diseases (6) . In some cases, attempts to retain functioning fistula through reconstructions are irrational. Such cases include: cases with expected short survival time, no need for dialysis (improvement of patient's renal functions, renal allotransplantation), cases when fistula reconstruction will be a very extensive surgery.
Arteriovenous fistula was ligated in three patients because in each case we considered it to be an optimal solution. One patient was subjected to this procedure due to expected fig. 6 . Diagram of DRIL reconstruction -creation of a bypass over the arterial anastomosis of the fistula and ligating the artery supplying the fistula downstream from the fistula survival time less than two months caused by melanoma dissemination. In this case, we used the least burdensome treatment for the patient, that is fistula ligation and catheter implantation. Second patient did not require renal replacement therapy due to well functioning transplanted kidney. In the third case, the cause of hand necrosis was hyperkinetic brachio-cephalic fistula and impaired blood outflow from the limbs caused by occlusion of the brachiocephalic vein. We have decided that the most favourable solution to this patient would be creation of new fistula on the second arm as well as removal of hyperkinetic fistula causing outflow disorders.
In case of hyperkinetic dialysis fistulas, the main cause of ineffective peripheral perfusion is blood steal to the fistula. In those patients it is possible to perform fistula reconstruction aiming at increasing the resistance, reduction of flow and blood steal to the fistula. In three cases we performed fistula reconstruction using DRIL method (distal revascularizationinternal ligation) first described by Schanzer (7), involving peripheral revascularization with arterio-arterial by-pass of arteriovenous anastomosis of the fistula combined with artery ligation above the fistula. Such reconstruction leads to change in vascular resistance between the fistula and peripheral arteries of the anastomosis. Extension of inflow path to the fistula results in decreased blood flow through the fistula and increased inflow to the arteries peripheral to the anastomosis. Described effectiveness of DRIL ranges from 56 to 100% of cases depending on the indications (8, 9, 10) . This surgery enables to correct any possible stenoses in anastomosis of the fistula with the artery compromising inflow to peripheral parts of the limb. Saphenous vein segment taken from the thigh was used to arterial reconstruction. Nevertheless, ultrasound scanning revealed in one patient no superficial vein suitable for arterial reconstruction of the fistula. In this case we have used vascular graft made of reinforced PTfE of 6 mm diameter ( fig. 7) .
In three patients with brachiocephalic or brachial-basilic fistula with confirmed blood steal to the fistula concomitant with numerous critical stenosis of forearm arterial occlusion, we performed cephalad arterial anastomosis by making by-pass made of prosthesis graft (PTfE 4→6 mm) anastomosed to the side of fig. 7 . Computed tomography angiography -visible reconstruction of the left upper limb arteries due to ischaemia after brachial-cephalic fistula placement, ringed PTfE 6 mm prosthesis for DRIL (distal revascularisation internal ligation; Schanzer's operation) operations used brachial artery and the end of cephalad venous segment of the fistula (fig. 4) . Such treatment resulted in the improvement of limb blood flow and symptom relief. Similar studies have been published revealing improvement of limb blood flow in over 90% patients (11, 12) . Authors of such studies have observed a significant increase in arterial pressure in finger arteries and blood flow in forearm arteries without significant influence on the flow size in the fistula (11, 12) . In one patient we performed change of location and type of anastomosis (from anastomosis of perforating vein reaching to medial cubital vein to the side of brachial artery) for anastomosis of cephalic vein to the side of brachial artery in peripheral part of the arm. This treatment excluded outflow from through basilic vein and significantly reduced flow through the fistula. Literature provides descriptions of such reconstructions combined with DRIL surgery (13) .
In two patients with brachio-basilic fistula aneurysm due to very severe blood steal to the fistula and peripheral hypoperfusion, we performed reconstructive surgery. It involved removal of aneurysmal dilation of the part of the basilic veins and replacement with segments of conical prosthesis made of PTfE with a diameter from 4 to 6 mm. It is possible to use standard 6-mm grafts. Such treatment reduces the flow in the fistula to the value sufficient to conduct effective dialysis, simultane-ously increasing inflow to the peripheral parts of the limb.
Other pathologies that occur in patients with upper limb ischaemia and dialysis fistula include stenosis of peripheral arteries and disorders of the blood flow from the fistula. Accurate imaging with the use of angiography reveals stenosis or even occlusions of the forearm arteries. It is a consequence of pathological remodelling of the arteries caused by end stage renal failure, diabetes, hyperparathyroidism and previous surgeries performed within the forearm. In one of our patients symptoms of critical ischaemia in the form of rest pain and necrosis foci in the fingers and hands began 6 years after DRIL reconstruction. Arteriography revealed critical stenosis within anastomoses of the by-pass and brachial artery. Patency restoration and reconstruction of brachial artery and anastomosis reconstruction. Segment of by-pass graft was used for vascular reconstruction.
In addition to classic surgery, in some cases it is possible to use endovascular treatment. Such treatment was performed only in one of our patients. Angioplasty of critical stenosis of brachial artery located below anastomosis with cephalic vein was performed. Current development of endovascular techniques and equipment allows for treatment of pathological changes within the forearm (14) or even within palmar arch. Main advantage of endovascular treatment is the fact that it is minimally invasive and access for surgery is distant from the area where the fistula is punctured.
We did not performed fistula stenosis through external banding (15) , its modifications (16), or plication (17). We believe that even in case of using intraoperative measurement of blood flow such types of fistula's correction are not beneficial for the patient. Hyperkinetic fistulas are most frequently contracted what leads to the formation of aneurysms distant from the surgical stenosis. Similarly, we did not find indication for inflow reconstruction through by-pass with prosthesis from forearm artery to fistula on the arm (18, 19).
CONCLUSIONS
Critical limb ischaemia triggered by dialysis fistula is a serious complication of renal replacement therapy. Blood steal to the fistula is concomitant with other pathological abnormalities -stenoses and/or occlusion of the peripheral arteries, impaired outflow from the limb in large percentage of the patients. Type of ischaemia treatment should be selected individually for each patient and clinical situation. The optimal choice of method should leads to symptom relief and, if possible retaining, of dialysis access.
